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REPORT BRIEF

INITIAL EVALUATION TESTS
OF

STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR, NICKEL-CADMIUM SPACECRAFT CELLS

WITH AUXILIARY ELECTRODES
MANUFACTURED BY GENERAL ELECTRIC COMPANY

Ref: (a) NASA Purchase Order S-23404-G
(b) Initial Evaluation Test Procedure for Nickel-Cadmium Sealed

Space Cells: NADC 3053-TP324, 10 Apr 1973

I. TEST ASSIGNMENT BRIEF

A. The purpose of this evaluation test program is to insure that
all cells put into the life cycle program are of high quality by the
screening of cells found to have electrolyte leakage, internal shorts,
low capacity, or inability of any cell to recover its open-circuit
voltage above 1.150 volts during the internal short test.

B. The 20 cells were manufactured for the National Aeronautics and
Space Administration, Goddard Space Flight Center, under the NASA con-
tract number NAS-5-17876, by General Electric Company, Gainesville,
Florida. They were manufactured to Goddard Space Flight Center's speci-
fication number S-761-P-6, in which 10 cells have teflonated, negative
electrodes (TFE-II). The electrodes of these cells were teflonated prior
to the Electrochemical Cleaning Test (ECT) and were identified by General
Electric catalog number 42BO20AB29-G4. The other cells had catalog number
428020AB30-G4 and had standard electrodes. These cells are rated at
20.0 ampere-hours, contain double ceramic seals, and were fitted with
pressure gauge assemblies prior to testing. All cells contain a teflon-
coated (one side only, next to cell case), sintered, nickel plaque
auxiliary electrode, located along the narrow edge on the negative terminal
side of the cell. The auxiliary resistor used throughout the test was
300 ohms. Testing was funded in accordance with reference (a).

C. Test limits specify those values in which a cell is to be
terminated from a particular charge or discharge. Requirements are
referred to as normally expected values based on past performance of
aerospace nickel-cadmium cells with demonstrated life characteristics.
A requirement does not constitute a limit for discontinuance from test.

II. SUMMARY OF RESULTS

A. The average weight of the teflonated negative plate cells
was 28.7 grams heavier thanthe standard plate cells. This is attributed
to the amount of electrolyte (greater for the teflonated cells) in the
two cell designs.
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B. The cell containers had a convex contour, in which the average
thickness of the cells was 0.013 inch thicker at the maximum thickness
when compared to the minimum thickness, which was the edge of the
container. Following test, this value was 0.010 inch, indicating a
reduction in the plate stack thickness, although some cells did increase
in thickness.

C. The standard plate cells exhibited higher average end-of-charge
(EOC) voltages than the cells with teflonated negative plates; they also
delivered a higher capacity output in ampere-hours (ah) following these
charges. The following is a listing of these averages:

Teflonated Cells Standard Plate Cells

Charge Volts ah Out Volts ah Out

C/20 for 48 hours @ 250C 1.435 29.9 1.436 30.9
C/10 for 24 hours @ 250C 1.442 29.8 1.448 30.8
C/10 for 24 hours @ 200C 1.451 28.5 1.454 29.8
C/10 for 24 hours @ 200C 1.451 27.2 1.456 28.0
C/40 for 20 hours @ 200 C* 1.365 5.4 1.367 5.6
C/20 for 60 hours @ 00C 1.472 28.6 1.477 29.1
C/10 for 24 hours @ 350C 1.406 29.9 1.407 30.1

*Charge Efficiency Test, 10 ah input.

D. During the auxiliary electrode characteristic tests, maximum
signal power was obtained with a 200-ohm resistance; but a 300-ohm
resistance was used throughout the tests as instructed by the Goddard
Space Flight Center Technical Officer.

E. The average cell voltage at the end of one week open-circuit,
during the charge retention test, was 1.314 volts.

F. The 24-hour average cell voltage following a 16-hour short
period, for the teflonated and standard negative plate cells was 1.203
and 1.210 volts respectively.

G. Seven teflonated negative plate cells delivered less than 55%
of the input capacity requirement during the 20%0 charge efficiency
test.

H. All the cells reached a pressure of 20 psia before reaching
the voltage limit of 1.550 volts during the pressure versus capacity
test. The average ampere-hours in and voltages at this pressure were
33.6 and 1.505 volts respectively for the teflonated negative plate
cells and 35.5 and 1.523 volts for the standard plate cells. All cells
exhibited pressure decay in the range of 1 to 7 psia during the last
30 minutes of the 1-hour open-circuit stand. Average capacity out for
the teflonated and standard negative plate cells was 29.4 and 29.9
ampere-hours respectively.
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3053-JDH :vih
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From: Commanding Officer, Naval Ammunition Depot, Crane, Indiana
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III. RECOMMENDATIONS

A. Manufacturing processes and controls should be such to
prevent swelling of the plate stack, thereby preventing cell case
distortion.

B. It is recommended that the cells be placed on life test to
evaluate and compare the teflonated negative plate electrode cells with
the standard plate cells.

iii
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RESULTS OF
INITIAL EVALUATION TESTS

OF
GENERAL ELECTRIC COMPANY

STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS

WITH AUXILIARY ELECTRODES

I. TEST CONDITIONS AND PROCEDURE

A. All evaluation tests were performed at room ambient (RA)
pressure and temperature (250 + 2'C), with discharges at the 2-hour
rate, and in accordance with reference (b), unless otherwise specified,
and consisted of the following:

1. Phenolphthalein leak tests (2).

2. Three capacity :ests, third at 200C, with internal
resistance measurements during second charge/discharge.

3. Auxiliary electrode characterization test.

4. Charge retention test, 200C.

5. Internal short test.

6. Charge efficiency test, 200C.

7. Overcharge tests, O0C and 350C.

8. Pressure versus capacity test.

9. Phenolphthalein leak test.

See Appendix I for summary of test procedure.

II. CELL IDENTIFICATION AND DESCRIPTION

A. Ten cells were manufactured with standard plates while the
other 10 had a teflonated negative plate. The cells were identified
by the manufacturer's catalog and serial numbers as follows:

Manufacturer's Number

Catalog Serial Type Negative Plates

42B020AB29 1-10 Teflonated
42B020AB30 1-10 Standard

The cells were fitted with pressure gauge assemblies and placed in.
temporary pack configurations for initial testing (Packs 513X, 514X and
515X).
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B. The 20.0 ampere-hour cell is rectangular with an average
weight and physical dimensions as follows:

Thickness (in.)
Overall Pre-Test Post-Test

Weight (g)* Height (in.) Minimum Maximum Maximum Width (in.)

132.7** 6.908 0.896 0.909 0.906 3.007
1293.0

*Manufacturer's data with swagelock fittings
**Teflonated negative plate

C. The cell containers and covers are made of stainless steel.
The positive and negative terminals are insulated frbm the cell cover
by ceramic seals and protrude through the cover as sblder-type terminals.

D. The auxiliary electrode is a teflon-coated (one side only, next
to cell case), sintered, nickel plaque located along the narrow edge of
the negative terminal side of the cell, 0.3 centimeter below thile top of
the plate stack. The tab is welded between the cell cover and the case.
Its physical area is approximately 10 square centimeters (1.9 cm x 5.1 cm)
with a bag-type enclosure of pellon 2505K4 material. The auxiliary
resistor is 300 ohms.

III. RESULTS--THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH VII

A. The average weight of the teflonated negative plate cells was
28.7 grams heavier than that of the standard plate cells. This is
attributed to the amount of electrolyte (greater for teflonated cells)
in the two cell designs.

B. The cell containers had a convex contour, in which the average
thickness of the cells was 0.013 inch thicker at the maximum thickness
when compared to the minimum thickness, which was the edge of the
container. Following test, this value was 0.010 inch, indicating a
reduction in the plate stack thickness, although some cells did increase
in thickness.

C. The standard plate cells exhibited higher average end-of-charge
(EOC) voltages than the cells with teflonated negative plates; they also
delivered a higher capacity output in ampere-hours (ah) following these
charges. The following is a listing of these averages:

Teflonated Cells Standard Plate Cells

Charge Volts ah Out Volts ah Out

C/20 for 48 hours @ 250C 1.435 29.9 1.436 30.9
C/1O for 24 hours @ 25C 1.442 29.8 1.448 30.8
C/10 for 24 hours @ 200C 1.451 28.5 1.454 29.8
C/10 for 24 hours @ 200C 1.451 27.2 1.456 28.0
C/40 for 20 hours @ 200 C* 1.365 5.4 1.367 5.6
C/20 for 60 hours @ 00C 1.472 28.6 1.477 29.1
C/10 for 24 hours @ 350C 1.406 29.9 1.407 30.1

*Charge Efficiency Test, 10 ah input.
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I). Average Internal Resistance Measurements (milliohms):

Measurement Taken Resistance

30 min. before end-of-charge (Cycle 1) 2.20
1 hr. after start-of-discharge (Cycle 2) 2.18
2 hrs. after start-of-discharge (Cycle 2) 2.15

E. Maximum power was obtained with a 200-ohm resistor during the
resistance characteristic test, although a 300-ohm resistor was used
throughout the tests as instructed by the Goddard Space Flight Center
Technical Officer.

F. The average cell voltage at the end of one week open-circuit,
during the charge retention test, was 1.314 volts.

G. The 24-hour average cell voltage following a 16-hour short
period, for the teflonated and standard negative plate cells was 1.203
and 1.210 volts respectively.

H. Seven teflonated negative plate cells delivered less than 55%
of the input capacity requirement during the 200C charge efficiency
test.

I. All the cells reached a pressure of 20 psia before reaching
the voltage limit of 1.550 volts during the pressure versus capacity
test. The average ampere-hours in and voltages at this pressure were
33.6 and 1.505 volts respectively for the teflonated negative plate
cells and 35.5 and 1.523 volts for the standard plate cells. All cells
exhibited pressure decay in the range of 1 to 7 psia during the last 30
minutes of the 1-hour open-circuit stand. Average capacity out for the
teflonated and standard negative plate cells was 29.4 and 29.9 ampere-
hours respectively.
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APPENDIX I

GENERAL ELECTRIC COMPANY
20.0 AMPERE-HOUR CELLS
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APPENDIX I

I. TEST PROCEDURE

A. Phenolphthalein Leak Tests:

1. This test is a determination of the condition of the
welds and ceramic seals on receipt of the cells and following the
last discharge of the cells (Cycle #8).

2. The cells were initially checked with a one-half of
one percent phenolphthalein solution applied with a cotton swab and
then placed in a vacuum chamber and exposed to a vacuum of 40 microns
of mercury or less for 24 hours. Upon removal they were rechecked
for leaks and then received a final check following test completion.
The requirement is no red or pink discoloration which indicates a
leak.

B. Capacity Tests:

1. The capacity test is a determination of the cells'
capacity at the C/2 discharge rate to 0.75 volt per cell, where C is
the manufacturer's rated capacity. This type discharge follows all
charges of this evaluation test.

2. The charges for the capacity tests are as follows:

a. C/20, 48 hours, room ambient (RA), Cycle 0, with a
test limit of 1.52 volts or pressure of 100 psia.

b. C/10, 24 hours, RA, Cycle 1, with a test limit of
1.52 volts or 100 psia pressure and a requirement of maximum voltage
(1.48) or pressure (65 psia).

c. C/10, 24 hours, 200C, Cycle 2, with the same limits
and requirements as the charge of Cycle 1.

C. Special Resistance Characterization Tests for Auxiliary
Electrode Cells:

1. The purpose of this test is to determine the resistance to
be placed across the cell's auxiliary electrode and negative terminals
which will provide maximum signal when the cell is fully charged.

2. The cells are charged at C/10 for 24 hours at the room
ambient temperature following their initial charge/discharge cycle.
Following this the cells are continued on charge with the current
reduced, if necessary, to maintain the cell's voltage below 1.520

5
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volts and to stabilize the pressure between 10-20 psia. Resistance
values, between 10,000 ohms and 0.1 ohm are then placed between the
auxiliary electrode and the negative terminal. The cells are allowed
a minimum of 5 minutes, at each resistance value, to obtain an equilib-
rium voltage across this resistance. This voltage value is then recorded
and by calculation using the equation P = E2/R the resistance that
produces maximum power is determined.

D. Internal Resistance:

1. Measurements are taken across the cell terminals 1/2 hour
before the end-of-charge (EOC) on Cycle 1 and 1 and 2 hours after the
start-of-discharge of Cycle 2. These measurements were made with a
Hewlett-Packard milliohmmeter (Model 4328A).

E. Special Charge Retention Test, 20OC:

1. This test is to establish the capacity retention of each
cell following a 7-day open-circuit-stand in a charge mode.

2. The cells are charged at C/10 for 24 hours with a test
limit of 1.52 volts or 100 psia pressure. They then stand on open-
circuit for 7 days, with the requirement that the open-circuit voltage
of each cell, following this period, is within +5 millivolts of the
average cell voltage. The cells are then discharged and 80 percent
capacity out of that obtained in Cycle 3 is required.

F. Internal Short Test:

1. This test is a means of detecting slight shorting conditions
which may exist because of imperfections in the insulating materials,
or damage to element in handling or assembly.

2. Following completion of the third capacity discharge, the
cells are shunted with a 0.5-ohm, 3-watt resistor for 16 hours. At the
end of 16 hours the resistors are removed and the cells stand on open-
circuit-voltage (OCV) for 24 hours. A minimum voltage of 1.15 is
required at the end of 24 hours.

G. Charge Efficiency Test, 20"C:

I. This test is a measurement of the cells' charge efficiency
when charged at a low current rate.

2. The cells are charged at C/40 for 20 hours with a test
limit of 1.52 volts or 100 psia pressure. They are then discharged
and the requirement is that the minimum capacity out equals 55 percent
of capacity in during the preceding charge.

6
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H. Overcharge Test #1, 00 C:

1. The purpose of this test is to determine the degree to
which the cells will maintain a balanced voltage, and to determine
the cells' capability to be overcharged without overcharging the
negative electrode.

2. The cells are charged at C/20 for 60 hours. The test
limits are cell voltages of 1.56 or greater for a continuous time
period of 2 hours or pressures of 100 psia. The requirement is a
voltage of 1.520 or a pressure of 65 psia. The cells are then dis-
charged and 85 percent capacity out of that obtained in Cycle 3 is
requi red.

I. Overcharge Test #2, 350C:

1. This test is a measurement of the cells' capacity at a
higher temperature when compared to its capacity at 20*C. This test
also determines the cells' capability of reaching a point of pressure
equilibrium; oxygen recombination at the negative plate at the sane
rate it is being generated at the positive plate.

2. The cells are charged at C/10 for 24 hours with a test
limit of 1.52 volts or 100 psia pressure and a requirement of 1.45
volts or 65 psia pressure. The cells are then discharged with a
requirement that capacity out equals 55 percent capacity out as
obtained in Cycle 3.

J. Pressure versus Capacity Test:

1. The purpose of this test is to determine the capacity to
a pressure and the pressure decay during charge and open circuit
stand respectively.

2. Each cell is charged at C/2 to either a pressure of 20
psia or a voltage of 1.550. Recordings are taken on each cell when
it reaches 5, 10, 15 and 20 psia pressure. The cells then stand OCV
for 1 hour with 30-minute recordings and then are discharged, shorted
out and leak tested.

7



TABLE I
MEASUREMENT AND LEAK TEST DATA

PHENOLPHTHALEIN LEAK TESTS
a u THICKNESS (Inches) INITIAL POST HI VAC POST TEST
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TABLE II
CAPACITY DATA

CAPACITY TEST #1 CAPACITY TEST #2 CAPACITY TEST #3 (200C)

END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARE END-OF-DISCHARGE

SERIAL AUX CAPAC- AUX AUX CAPAC- AUX AUX CAPAC- AUX

NUMBER CELL ELECT PRESS ITY ELECT PRESS CELL . ELECT PRESS ITY ELECT PRESS CELL ELECT PRESS ITY ELECT PRESS

(Volts) (Volts) (PSIA) (ah) (Volts) (PSIA) (Volts) (Volts) (PSIA) (ah) (Volts) (PSIA) (Volts) (Volts) (PSIA) (ah) (Volts) (PSIA)
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TABLE III
INTERNAL RESISTANCE AND SHORT TEST DATA

9ND-NADC (SP 11/73)

INTERNAL RESISTANCE (MILLIOHMS) INTERNAL SHORT TEST
SERIAL AFER 16 AFTER 24 HOUR
NUMBER ONE HOUR AFTER TWO HOURS AFTER HR SHORT OCV STAND
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TABLE IV
Charge Efficiency and Overcharge Data

Charge Ifficienc 02oc0 Overcharge Test (O ,) Overcharge Test (5oc)
END-OF-CHARGE END-OF-DISCHARGE EN D-OF-CH ARGE END-OF-DISCHARGE END-OF-CHARGL END-OF-DISCARGE

S.IUL AUX CAPAC- AUX AUX CAPAC- AUX AUX CAPAC- AUX
I:]1BER CELL ELECT PRESS ITY ELECT PRESS CELL ELECT PRESS ITY ELECT PRESS CELL ELECT PRESS ITY ELECT PRESS

(Volts) (Volts) (PSIA) (ah) (Volts) (PSIA) (Volts) (Volts) (PSIA) (ah) (Volts) (PSIA) (Volts) (Volts) (PSIA) (ah) (Volts) (PSIA)
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00o 1,367 7 ,o' 5" .o44- 5- 1,473 .94 3  '(2- ZC'. .c Moo2 G oz - W /6" -9.7 -,003 5-

o00 1,367 039 5- ; ,o'02 5- 14.(70 ,o5-? 45- 9 .o (6 /0 /,'(o3 ,43 2( 2z.7? -,os'- 5

olo 1,3 7 ,oZi 5- .03~7 /,( C0 4qz 5-s0 0(0 ,oo /,.(o .'41 2O 30,z .o04L C

oOl 1,3G7 .05-. ' 56 .o-7 - /, 7, .3I- 22 67.( .oo ? ( 1. o5 .43 17. ' 9, ,o07 1

o02. /,37 -,o4- 5" ,o " /054 75 .428 3 29. ~ , /4o7 , .o -12( 30,0 .06S- G

,003 36 ,o4o 2. 5"( .o04 3 I.3 -  .3(4 27 29,G .037 I,qo8 .t( /5" 30 , ,ot :5-

4oo 1.34(7 ,o7.. 5 ,oz? I /.'(7- .S375 3-. 29.4 .o-4' 5- 1,Vo ,G'7 z4 30,3 .o032- '

oo5- /.3.7 .o4 5" ,o5-(1 5" L-47g .400oo 37 29,3 .073 /o /,(o07 .4-x 2zo 30.2 o05--t. 10

o ooG 1,3(7 co3 4 ,o_. 3 (,47 .389 33 22.8 ,oL 7 ,/to ,cq83 18 30.0 ,os5o

oo7 (13 1 042 ,o . ( S5- , oV4 I 1,/79 .35z. 2.6 29,2 .o2t -, 1.14o .43 /5 30.4- ,o--3 5

Ob I,3, ,o"3 , 56' ,042- 1 ,.4'7 . 467 33 z7,O .(GO G 1,"(0 .- qs 17 3o0, .07

01o 1, 3C7 .o047 9 . .03 I,'480 .317 39 z.2- ,oz8 II /,C7 .L, 3 30,o-. ,oq I(

/0 1.37 05, 5, .047 5" /,l7 381 3 5 22.5- .7 / .5- ' 25.9 .036

3D-iMEA D sP 113)



TABLE V (Teflon Cells)
PRESSURE VS. CAPACITY TEST DATA_

Serial No. 00o 002.- 003 oo- o 00 ooo o07 oo 8 009 0(0

Start-of-Charge, Press, 4 54 4 ' _ 5-

AH in to 5 PSIA 1i.G 7,2. 7.4 7,4

Cell (volts) I,qs I.' o I.o7 .o_

Aux (volts) .c0 8 .o ,otS .017

AH in to 10 PSIA 29.-L 30o, 28,- 2,- zB.3,- 109. z3., 31,? 3o 2. .6

Cell (volts) 1.4'St l,4sG I-t/ 1,q48 I.9 vqsz , It.-(.G . -,,q (,6/G

Aux (volts) ,3(p .37- 2 -1 ,8 2.91 .3t7 .,363 .300 .39 , s-/ .30o

AH in to 15 PSIA 3Lo 32.3 37-3 3(.3 3l, 32.1 31.6 34G 33.G

Cell (volts) A~cto 1,cc I.-or. I,C? I,£-f IC49/ /,789 /, ~( ,97 i.s? /, "

Aux (volts) .c(i6 .3%G ,'o8 .3. q-8'/ ,qqS .3 8 .4338 .13- .387

AH in to 20 PSIA 333t .3 33. 7 t 32-5 33. 33.1 33.1 35-7 34Z- 3S.3

Cell (volts) /,4'9 (,To3 /,o o .Sol I,Sol (.-o3 4,To t, S-. I(.og (,JSo
Aux (volts) .'wGo .3. .o. .387 .Y6 .'7S .35- r- .qz ? .,360_o

AH in to V/L (1.55V)

Au x (volts)
Press (PSIA)

30 Min OCV, Cell /r,;4O- .Ior /.'vo3 ./,ot (-o4 (ro9~~C /,Wo3 (I,9o o ," (0o?7

Aux (volts)- .41o .388 .- ~3 .oo .'I .(8 .q16 ,4 ,C3 . 393

Press (PSIA) -2.- z~ z.L 20 2-3 2.2 23 /19 23 20

1 hour 0CV. Cell 1,392- /,39 1,393 1.3/ 1,33'( /.3 ,33 ,33 1,398 1/397 /,39d.

Aux (volts) . .4o .343 ,553 .3G5 ,q'-S .44 .39F .,t'o , 24- ,370

Press .(PSIA) 20 18 1/9 (7 /& (7 /5- 2z- /18

EOD AH out 2'~,1 Z9.6 29.( -. t2 9 z.( 9.3  Z9,73 2 9.9 29.2. 30.

Aux (volts) .S, .1"- .0to4 .137 ,19. .r7z. .138 .o09 ,o87 .(q-

Press (PSIA) ~s 8 ' ' -

9ND-NADC (SP 11/73)



TABLE V (Standard Cells)
PRESSURE VS. CAPACITY TEST DATA

Serial No. oo0 oo- 003 oo ooS oo00 o-7 00o oo9 o (0

Start-of-Charge. Press. 5- A( - G T- - t to 4(

AH in to 5 PSIA 761 1;6 ,(

Cell (volts) t.,(1 /,4i 1.4o

Aux (volts) .oo9 ,os .00o .

AH in to 10 PSIA 34,o 31(,- 3,0 3- 3z,5 30o 32 . 3 4(. 33.6

Cell (volts) ,50( t.(60 (.48? /,SOL 146,(? ,q /? t1&7 A5r3 1,5o3

Aux (volts) .36- .30( .396 q2zq .301 .35-8 ,3-9 .4-I -39

AH in to 15 PSIA 3 q, 3'45 34t3 3, 3<- 3s- 35 3 ,3 2.5;G 34.2-

Cell (volts) I/-i t.s-r7 /,r/o t, t1 (,16 /,t /Ti /,'z3 .,437 /si8

Aux (volts) . 7 .q33  .38' .,4o( ,(0 .3.43 .q3 . -.(22 ,q-35

AH in to 20 PSIA 5.( 535 358 3.o0 3,8 S~-S 34 , 357 3so 35o

Cell (volts) t5.5 15r ( - /,Ls b-z t t 1 '.sz (50 (,54 _ _ _t_

Aux (volts) .(77 *. /f .'(77 .(5-3 .M&6 .40 . to .qC0  .L-C

AH in to V/L (1.55V)

Aux (volts)
'S Press (PSIA)_

30 Min OCV, Cell ,(. o3 , YZ. (.qo3 /',(o /g/o3 /,io.. I,o o3 (.qlo /,o , Iqo~

Aux (volts) .,3z6 1~ 78 .52 .3C/ ,3c3/ t .3 -5- .44(1 .30-5 .378

Press (PSIA) /s- / /5" -o / /s" . (7 (G 8 17

1 hour OCV. Cell / ,3 / 394 396 (,396 1.395 (,39 4 (39 /,396 /.396

Aux volts) 3 . .3(ot z325 .313 .3/ .317 .330 .396 .24 .3zs

Press (PSIA) /- /5is 1 13 15- (3 .iV I/ 13G

EOD AH out z9,7 2- .8 30o,- 3. 30. 30- 30.o z9.' .

Aux (volts) -. oGo .079 ,oo0 ,-072 .o3 ,o81 o(o . 073 .038 .oL-

Press (PSIA) - q

9ND-NADO (SP 3/73)



TABLE VI

rfr-NADC (S_ 11/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES

'SERIA .. o008 (469) 0O9 (z46z9) c>9 B30) 0o (4e 30) AVERAGE

0H S VOLTS PRESS VOLTS PRESS VOLTS PRESS VOLTS PRESS VOLTS PRESS VOLTS MILLIWATTS

10,000 - ; '4 1 .9t 7  21 .23 t.o .'"?S I ,g(9 c so .0oG7/o

5,000 j ,'? .88 7-I .719 7to .75 II .711 /73 .t -/. ro

2,030 .70 5 .704f .( .(C(z to .7to II 70,/ &8(-

1,000 .oi , ,5 .612. 1 2) 0 59 II ,6s/. z- .370/f3G

500 .5'89 5 s- ."49 3  "i .381 2.0 .0(. (o0 ._9_ /,. ,.1/ w~

230 .331 ,3.o 2( ,24$ 2-0 .2-1o 0 .32 377 ."5"28/,38

100 2 .3 /q .2( iA .153 o , ?2 10 .- zi2/(G. 3 .''5/Z16 6

50 .f153 ( '4 14o .o 1_ .___ _o .t.Ioog .1//239

20 ,o8gc /,- ,o8 .o .OS6 /0 .o.4/.o0 .3288/18o

10 .050 lf ,oc 2I .o03o ( .03-4 (0 .0'4,/o .. 2_/.o-L

-5 0. /4 .02.( 2 .oF 1(4 05 07 (- .0/o( 6 .3/os-Y

2 .o2I /4 .011 ___ .007 (0 .007 t0 .ott(.oo? & .o0__o_

1 .007 G .oo -I .oo (9 .oof 10 .c 06/ooq ,oot/ r 6

0.5 .oo' ~1 .oo0 0o .oo- 19 ,oot. o ,oo,4oo .o-s1/.oo

0.2 .oo7 2 .o0z o .oo 1 .oot 0 . ooz/ oo .oo__o0 o

0.1 . 4. .0o2 7o .ool /9 ".ot 10 .0o / .o'oiloto

Note: All pressures in PSIA. 2WER Watts Milliwatts
POWER = - Watts 103 Watt Milliwatts

-W A48 7-1/4-13 0R



TABLE VII
CHARGE RETENTION TEST DATA

END-OF-CHARGE 24 HR. OCV 1 WEEK OCV END-OF-DISCHARGE
SERIAL AUX. AUX. AUX CAPAC- AUX.
NUMBER CELL ELECT PRESS CELL ELECT. PRESS. CELL T PRESS. ITY ELECT.PRESS.

:VOTS)(VOLTS)(PSIA) (VOLTS (VOLTS)(PSIA)(VOLTS (VOLTS (PSIA)(AH) VOLTSPSIA)(VOLTS (PSIA) (AH) (VOLTS)(PSIA)

ool /.V - .y 8 ,363 ,/4L 5 1,31"t ,oo# 2 -7,0 -. 390 4/

oo002- ,q.2 4 - i, -1.63 l 5. .3 - .003 2 77.3 -,089, 2-

003 /,' ft .4CG q7 /,q ,o' 9 /.3t ,ooq 8 z7.0 -, -73

004 I/-'I/ ,.3 :5-7 11363 7 oG :35w ,o00 5- 1* -.- S

, oo6 /(52 ,- 57 /,.3(3 ,138 7 /,3i3 ,oof (, 2(.(G ,o-

N 00(, /,43 .5Lo T(. 1.3Co -123 5- /,3157 .oo 5- L . -,27.3 3

007' 1. '(3 .sWo 5" /.3(W .ob /.31 ,ooq ~ '7. -,3or 5

0o0 I,'s5 .7Z. ?V 1/,30 .I1 - - i,3(3 ,oo@ . 27,7 -,o38 9.

00 /,4:4(9 .51 465 1,3. ,(tz- 5" /.313 , 0 0oo 27,3- -,339 '

016 /,-497 -,4.85- -s " 1, ,oZ 5 1313 ,5ooA -1 M, -, 1 '1

00(oo /,45 .?83 31 1,3&3 .093 5- 1.312- .o00 3 Z7, -. 273 3

001 I,- 1. .f 2. 38 1,3(( ,12l 5" 1,314 ,oo 8 5 27,8 -,17 (

003 1,4(5- .'4-I 33 1,369 , ( 1,31( ,o7 22. -,tsq 3 o

co /, V -' .-4? 33 1,34 .o98 3 (,315- ,oo00 2. 8,1 -,012. I

0 0o5 /,.5"7 .oz. '(o , 1.34 .11/ ( /,31i oo 5- Z 28 -. o08 '-

(o 006 Il, - .5-:36 35- t, 3( .(tt 4 ,3(/ ,oo7? 27,7 -. 2(3 2.

007 ,1s(51 .-(0 2L /36# ,oi 2. 13'-( ,o00 . 9.1 -. o( /

o00 /.5- 7  . 8r2 37 /,363 .(129 _ 1.3( ,oo.7 I 2, 1 -, af /

coC /.46 .443 -v5- /13&3 .07-8 11 1.314( .013 9 28,L -,to 9
0O ,q57 .-53 38 1,3G3 .1?( 3 1,31" .os- 2. Z77 -o.043 2

CeRis a e ue 2sed e-C w s s- - (ss,-,11 4 -itqs 4
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